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INTRODUCTION
The cellular response to oxidative stress is of great importance since oxygen, in vivo, under certain physiological conditions leads to the generation of reactive oxygen species (ROS) viz. superoxide radical (O2), hydrogen peroxide (H2O2), hydroxyl radical ('OH) etc.'-3) These ROS have been implicated to play a crucial role in the development of various pathological conditions such as cancer, cardiac ailments, cataract, diabetes etc.4-g~ Studies from our laboratory and elsewhere have provided strong evidence for the involvement of ROS in Ni-toxicity which may have relevance to its carcinogenic potential9-'2>
Recently we have also shown that metallothionein (MT) induced by Zinc (Zn) served as an efficient agonist in inhibiting Ni-induced lipid peroxidation and reversed Ni-mediated inhibition of calcium sequestration'".
Demonstration of the protective effect of Vit. E, butylated hydroxytoluene (BHT), flavonoids, metallothioneins (MT) etc. against free radical-induced oxidative response provided us a strong impetus for investigating their use in the intervention against Ni-induced peroxidative damage14-17~. We therefore studied the effect of Vit. E on Nimediated toxic response in mice, and contrary to our expectation we found that Vit. E exacerbates the toxicity of Ni.
MATERIALS AND METHODS
Nickel (II) chloride hexahydrate; NiCl2.6H2O (Fluka, Switzerland), thiobarbituric acid; TBA, a-tocopherol acetate; Vit. E, butylated hydroxy toluene; BHT (Sigma Chemical Co., St. Louis, USA) and other chemicals of highest purity grade were used. The experimental animals were eight week old female albino mice from the Industrial Toxicology Research Centre breeding colony, weighing 30 ± 2 g. They were housed in an air-conditioned room, and had a free access to pellet diet (Lipton India Ltd., Bombay) and water.
Mortality Studies
To evaluate the effect of Vit. E on Ni-induced mortality, mice were divided into four groups consisting of twelve animals each. The first group received intramuscular injection (im) of corn oil or saline and served as control. The second group was given Vit. E in corn oil (10 µmol/5 ml/kg, im). The third group was administered NiCl2.6H2O (150 µmol/5 ml saline/kg) through intraperitoneal route (ip). In the fourth group, the animals were given Vit. E in corn oil (10 µmol/5 ml/ kg, im) which was followed by the administration of NiCl2.6H2O (150 µmol/5 ml saline/kg, ip) after a time lag of one hour. All animals were observed for survival up to day fourteen and results are expressed as percent survival.
Lipid Peroxidation
The effect of varying concentration of Ni and Vit. E on hepatic lipid peroxidation was evaluated by conducting two sets of experiments. In the first set of experiment, forty mice were pretreated with Vit. E (10 µmol/5 ml oil/kg, im) and were divided into four groups. One hour later, they received single ip injection of either saline or NiC12.6H2O (50 µmol/kg, 100 µmol/kg and 150 µmol/ kg). In the second set of experiment the dose of Vit. E was varied while that of Ni was kept constant. Sixty mice were divided into six groups of ten animals each and respectively received oil or Vit. E-2 µmol/kg, 5 µmol/kg, 10 µmol/kg, 15 µmol/kg or 20 µmol/kg. One hour later, these animals subsequently received single ip injection of NiCl2.6H2O (150 µmol/kg). Animals of both sets of experiment were sacrificed 24 hours after Ni administration by cervical dislocation. Liver was immediately removed, cleaned free of blood and extraneous material using cold KCI (154 mM), homogenised in the same medium and subjected to fractionation to obtain microsomes18. Lipid peroxidation was measured in whole homogenate and microsomes in terms of thiobarbituric acid reacting species
(TBARS) as essentially described by Sunderman, Jr. et al. 19 ) The dose response effect of Vit. E was studied in microsomes only.
Hydroxylation of Benzoate TBARS production in tissues continues to be a simple and indirect index of lipid peroxidation, however, by itself it is an inadequate indicator of peroxidative process in vivo. The catalytic oxidation or degradation of organic biomolecules or biomembranes have been considered as a potential measure of in vivo oxidative stress. Effect of Ni and Vit. E on the hydroxylation of benzoate into salicylate was, therefore, studied according to the method of Dean and Nicholson20~. The typical reaction mixture in phoshate buffer (0.2 M, pH 7.4) containing benzoate (1.0 mM), H2O2 (5.0 mM), added in sequence, in a final volume of 5.0 ml was incubated at 37°C for 24 hours. Vit. E was added prior to the addition of NiC12.6H2O from 1.0 mM chloroform solution. The same volume of chloroform had no effect to the results. Respective controls were also taken as described in Fig. 4 . Effect of varying concentrations of Vit. E (up to 2.0 mmol) on the hydroxylation of benzoate was also evaluated under identical conditions as shown in bar V of Fig. 4 . Fluorescence of the hydroxylated product was measured at 308 nm excitation and 410 nm emission on a Shimadzu RF-5000 spectrofluorometer (Kyoto, Japan). Results are expressed as relative fluorescent intensity and are means of three sets of experiments in which values differed by less than ±5%.
Liposomal membrane damage The effect of Ni on lposomal membrane damage was observed in presence and in absence of Vit. E. Liposomes composed of phosphatidyl choline and cholesterol (1:1) were prepared by dehydration-rehydration technique as described by Kirby and Gregoriadis21~. Liposomal suspension (12.9 µmol lipid) in phosphate buffered saline (pH 7.4) was mixed with NiCl2.6H2O in equimolar concentration in presence or in absence of Vit. E (12.9 µmol in corn oil) in a final volume of 2.0 ml. The mixture was incubated at room temperature (25-26°C) for 30 min. A drop of the incubation mixture was then placed on a carbon coated grid, negatively stained with uranyl acetate (2% w/v, pH-4.8) and observed under a Phillips EM 410 transmission electron microscope (Netherland).
RESULTS
Administration of NiCl2.6H2O (150 pmol) to mice caused 38% mortality by day fourteen (Fig. 1) . When the same dose of Ni was administrered to mice pretreated with Vit. E (10 µmol), an enhanced mortality was observed at all time intervals reaching up to 68% by the day fourteen. Administration of Vit. E alone did not cause any mortality up to day fourteen and therefore data are not shown.
The effect of Ni on hepatic lipid peroxidation in whole liver homogenate and microsomes of saline and Vit. E pretreated animals are shown in Fig. 2 (A & B) . NiC126H2O treatment (50 µmol, 100 µmol and 150 µmol/kg) enhanced lipid peroxidation in whole liver homogenates and microsomal fractions with increasing metal concentrations. This effect was accentuated in Vit. E pretreated mice at all the administered doses of Ni. The effect of increasing dose of Vit. E on the Niinduced microsomal lipid peroxidation was also studied and a dose dependent increase was observed up to 15 µmol (Fig. 3) .
The effect of Ni on the hydroxylation of benzoate in presence and in absence of Vit. E is depicted in Fig. 4 . The formation of salicylate, as shown by the relative fluorescence, was significantly enhanced on addition of Vit. E to the reaction mixture containing Ni and H2O2. We further observed that 1 mM concentration of Vit. E produced maximum hydroxylation (Fig. 5) . The electron micrographs of liposomal preparations after treatment with Ni alone and in combination with Vit. E are shown in Fig. 6 . The nickel treatment was found to cause an alteration in the structure of liposomal vesicles compared to saline treatment (Fig. 6 A & B) . On a combined treatment of Vit. E and nickel, the liposomal vesicles were found to show a further deterioration in their structure which is well exhibited by the enlargement of vesicle size (fusion) (Fig. 6  C) . Electron micrograph of liposomes treated with Vit. E alone closely resembled with that of saline treatment, therefore micrograph is not shown. 
DISCUSSION
The most widely accepted physiological function of Vit. E is its role as a free radical scavenger to impart a protection against the oxidative damage of lipid membrane and thiol rich proteins22-24). The results of present study demonstrate that this chain breaking antioxidant, instead of providing protection against Niinduced oxidative response, exacerbates the toxicity due to Ni. The effect of Vit. E pre-treatment on the enhancement of Ni-mediated mortality in mice indicates an exacerbation of the toxic response of the metal through some hitherto unknown mechanism(s).
The observed enhancement of hepatic lipid peroxidation by Ni and its further accentuation by Vit. E may be one of the contributing factors for the enhanced toxicity. Our results on the `in vitro' hydroxylation of benzoate due to Ni and Vit. E demonstrates the involvement of hydroxyl radical. It is likely that the administration of Ni and Vit. E to the mice may also be responsible for the generation of this ROS leading into an enhanced mortality and lipid peroxidation. This is in agreement with our earlier observations where we have provided a strong evidence for the involvement of ' OH in Ni-mediated enhancement of lipid peroxidation9).
We have earlier demonstrated that the combined treatment of Ni and Vit. E caused significant enhancement in liposomal lipid peroxidation25).
Several other studies have also shown that certain toxins including divalent metal ions cause severe damage/phase transition in liposome structure26-29). It has also been proposed that the metal ions cause enlargement of liposomal vesicles resulting from the krupture of membrane followed by fusion30). The structural alterations as exhibited by the enlargement of liposomal vesicles by the combined treatment of Ni and Vit. E in the present study could be ascribed due to the fusion of smaller vesicles resulting from the oxidative damage of membrane lipid. The mechanism(s) by which Vit. E enhances Ni-mediated peroxidative damage could be due to its ability to alter the redox potential of Ni between its +2 and +3 oxidation states possibly through complex formation.
The first signal that this could, in fact, be the case, came from a recent study in which it has been demonstrated that Ni2+ in presence of several natural oligopeptides generates Ni3+ and hydroperoxide-derived free radicals from model lipid hydroperoxides31). The postulated formation of Ni3+ is also supported by a separate study which reports that GlyGlyHis-chelated Ni2+ reacts with molecular oxygen resulting in the oxidation of Ni2+ to Ni3+ 32), The exact chemistry of the observed phenomenon of augmentation of Ni-mediated lipid peroxidation, however, remains to be elucidated. The paradoxical behaviour of Vit. E reported here, may be one of the contributing factors in enhancing the toxicity of metal.
